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Fusion energy thresholds calculated with an adiabatic
nucleus-nucleus potential

J. Wilczynskia and K. Siwek-Wilczyriska

We analyse existing data on fusion excitation functions from the point of view of
determination of fusion energy thresholds, which can be identified with the lowest barriers
in the fusion barrier distributions. As an experimental value of the fusion energy threshold,
Ethri we define the energy at which the measured fusion cross section equals to the s-wave
absorption cross section:

afus = TTA2 = — — - , (1)
Z/Jt!h

where A is the wavelength of the fusing system, and \x — its reduced mass. We have
checked that for all excitation functions measured with sufficient precision, the fusion
energy-threshold, determined according to the above criterion, coincides perfectly with
the low-energy edge of the fusion-barrier distribution. Data for about 50 systems, for
which the sub-barrier part of the excitation function had been precisely measured at least
down to the threshold limit given by Eq. (1), were taken for analysis. For references
concerning the experimental data, see the recent review article [1].

We compare experimental values of the fusion energy thresholds, defined according
to criterion (1), with barrier heights calculated assuming the adiabatic fusion potential.
Following the idea of Refs. [2] and [3], we use only the known characteristics of the
system at the beginning of nuclear interaction (contact force) and in the final state of the
equilibrated compound nucleus. Smooth interpolation between these two reference points
is done without free parameters, assuming that an effective one-dimensional potential has
the Woods-Saxon shape:

The depth of the nuclear potential, Vo, is determined by the ground-state energy of
the compound nucleus (with its intrinsic Coulomb energy Ccn, and shell correction Sen,
subtracted) taken relative to the sum of the ground-state energies of the two separated
nuclei, also with subtracted intrinsic Coulomb energies C\ and C2, but shell corrections
included:

Vo = (Mi + M2 - Mcn)c
2 + Ccn - Ci - C2 + Scn. (3)
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The diffuseness parameter a in Eq. (2) is determined by the strength of the nucleus-nucleus
attractive force in the contact configuration Ro — Ri + R2, calculated [4] in frame of the
liquid-drop model:

where 7 is the surface tension coefficient. As it is seen from Fig. 1, the calculated
adiabatic barrier heights are very well correlated with the experimental fusion thresholds.
For comparison, the barriers calculated with the Bass potential [5] are also shown in
Fig. 1. Obviously, they are much higher than the experimental fusion thresholds, because
parameters of the Bass potential are chosen to fit the mean, single-barrier values.
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Figure 1: Fusion barriers calculated with the adiabatic fusion potential and the Bass
potential, compared with the fusion energy thresholds deduced from measured fusion
excitation functions.

Our analysis of the correlation between the experimental and calculated fusion energy
thresholds extends to as heavy systems as 48Ca + 238U. This correlation can be extrapo-
lated to still heavier systems, thus providing support for predictions of close-contact energy
thresholds in reactions considered for future experiments on synthesis of new superheavy
elements.
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